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This Appeal Brief is submitted in the above-identified application in response to the 
Final Office Action mailed December 20, 2006. Appellant's Notice of Appeal was filed on 
April 18, 2007. Accordingly, Appellant's Appeal Brief is timely filed, with no extensions of 
time. 

I. REAL PARTY IN INTEREST 

The real party in interest is Goodrich Corporation, 4 Coliseum Centre, 2730 West 
Tyvola Road, Charlotte, North Carolina 28217-4578, the assignee of the above-captioned 
application. 

II. RELATED APPEALS AND INTERFERENCES 

Appellants are aware of no related appeals or interferences that will directly affect or 
be directly affected by or have a bearing on the Board's decision in the instant appeal. 

III. STATUS OF CLAIMS 

Claims 1-3, 8-9, 1 1 , and 30 are pending in the application. Claims 1-3, 8-9, 1 1 , and 
30 are finally rejected and are the subject of the present Appeal. The claims on appeal are 
reproduced in the attached APPENDIX. 

IV. STATUS OF AMENDMENTS 

An amendment under 37 C.F.R. §1.116 was filed on February 20, 2007, in which 
Appellant cancelled claims 7 and 13-29. In the Advisory Action dated March 1, 2007, the 
Examiner entered the amendment filed on February 20, 2007. 

V. SUMMARY OF THE CLAIMED SUBJECT MATTER 

In an embodiment of the invention described in independent claim 1, a curable 
composition comprises (a) at least one epoxy resin (page 1, lines 12-14), (b) at least one 
liquid reactive polymer comprising a carboxyl-terminated butadiene-acrylonitrile copolymer 
(page 1, lines 12-14; page page 10, lines 15-17), which polymer is liquid at room 
temperature (page 7, line 28; pages 8-14; page 17, lines 9-10) and (c) at least one reaction 
product of an epoxy resin and a reactive liquid polymer (page 1, lines 12-14), wherein the 
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epoxy resin of (c) comprises a diglycidyl ether of a bisphenol compound (page 14, lines 
22-24). 



VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. The rejection of claims 1-3,8, 9, and 11 under 35 U.S.C. 112, first paragraph as 
not complying with the enablement requirement 

B. The rejection of claims 1-3, 8, 9, and 11 under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Patent No. 4,500,660 to Minamisawa et al. 

VII. ARGUMENT 

A. The Rejection under 35 U.S.C. § 1 12 Should Be Reversed 

The Examiner's Rejection : 
Claims 1-3, 8, 9, and 11 have been rejected under 35 U.S.C. §112, first paragraph, 
as not complying with the enablement requirement. The Examiner contends that that an 
epoxy resin must contain at least two epoxy groups and single functional epoxides such as 
octadecyleneoxide, epichlorohydrin, styrene oxide, vinylcyclohexene oxide, and glycidyl 
methacrylate (which are identified in the specification) do not conform to the art recognized 
definition of a resin. (Office Action, January 18, 2006, page 2.) The Examiner states that 
(i) an epoxy compound cannot form a curable composition unless more than one epoxy 
group is present to react with more than one reactive group of a curing agent to form a 
cured network, and (ii) the presence of monoepoxides by themselves cannot form a cured 
product unless present in an admixture with an epoxy resin containing more than one 
epoxy group. (Final Office Action, December 20, 2006, page 3.) In the Advisory Action, 
the Examiner stated that the reaction of a single epoxy group cannot yield a two- or three- 
dimensional network. (Advisory Action, March 1, 2007.) The Examiner also contends that 
the specification indicates that an epoxy resin requires more than one epoxy group. (See 
Final Office Action, December 20, 2006, page3 (citing page 5 line 29 to page 6, line 1 of 
the specification).) 
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Appellants' Response : 

Claim 1 recites a curable composition comprising (a) at least one epoxy resin, (b) at 
least one reactive liquid polymer comprising carboxyl-terminated butadiene-acrylonitrile 
copolymer, which polymer is liquid at ambient temperature, and (c) at least one reaction 
product of an epoxy resin and a reactive liquid polymer, wherein the epoxy resin of (c) 
comprises a diglycidyl ether of a bisphenol compound. 

The test for enablement is whether the disclosure, when filed, enables a person 
skilled in the art to make and use the claimed invention without undue experimentation. 
(MPEP § 2164.01.) The enablement requirement is satisfied where the specification 
discloses at least one method for making and using the claimed invention that bears a 
reasonable correlation to the scope of the claim. (MPEP § 2164.01(b).) The Examiner 
bears the initial burden to establish a reasonable basis to question the enablement 
provided for the claimed invention. (MPEP § 2164.04.) The Examiner's conclusion of 
enablement should focus on why the specification fails to teach (i) how to make and use 
the claimed invention (ii) without undue experimentation. (Id.) The Examiner must explain 
why it doubts the truth or accuracy of a disclosure and back up its assertions with 
acceptable evidence that is contrary to the contested statement. (MPEP § 2164.04.) 

Enablement is evaluated against the claimed subject matter, and the Examiner 
must consider the claim as a whole rather than analyzing its parts individually. (MPEP § 
2164.08.) A rejection based on the scope of the claim relative to the scope of enablement 
requires evaluating whether a person skilled in the art could make or use the entire scope 
of the claimed invention without undue experimentation. (Id.) When evaluating the 
enabled scope, the teachings in the specification must not be ignored because claims are 
to be given their broadest reasonable interpretation that is consistent with the specification. 
(Id.) 

The rejection of claims 1-3, 8, 9, and 11 as not complying with the enablement 
requirement is based solely on the Examiner's interpretation or construction of the term 
"epoxy resin." The Examiner contends that the term "epoxy resin" should not encompass 
epoxides with only one epoxy group. Specifically, the Examiner contends that a 
component with a single epoxy group (i) does not conform to the art recognized definition, 
and (ii) is not capable of being converted to a thermoset. 
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Appellants respectfully submit that the Examiner has not met the burden to 
establish lack of enablement. The Examiner has not provided a reasonable basis in fact 
that the claims are not enabled. In the various rejections, the Examiner contends that the 
art recognized definition for an "epoxy resin" is an epoxide with two or more epoxy groups. 
The Examiner only relies on The Handbook of Epoxy Resins to support this position. (See 
April 21, 2006 Office Action, page 3.) 

The Examiner's evidence, however, does not demonstrate an art recognized 
definition for the term "epoxy resin." The definition of epoxy resin to which the Examiner 
refers in The Handbook of Epoxy Resins specifically states that "For the purpose of this 
book, an epoxy resin is defined as any molecule containing more than one a-epoxy 
group..." (emphasis added). 1 The qualifying statement "for the purpose of the book" 
indicates that it is not a generally accepted convention in the art that an epoxy resin would 
require at least two epoxy groups. 

Appellants have also provided evidence that is sufficient to overcome the 
Examiner's assertion that epoxy resins require at least two epoxy groups. For example, 
The Concise Encyclopedia of Chemical Technology . Kirk-Othmer, 4 th Ed. 1999, describes 
an epoxy resin as being "characterized by the presence of a three-dimensional ring known 
as the epoxy, epoxide, oxirane, or ethoxyline group" (emphasis added). 2 That is, an epoxy 
resin may be characterized by the presence of a single epoxy group. There is no stated 
requirement for more than one epoxy group. 

Additionally, Hawlev's Condensed Chemical Dictionary , Twelfth Edition, 1993, does 
not define an epoxy resin as requiring at least two epoxy groups. Hawlev's states that an 
"epoxy resin" is a resin that is "based on the reactivity of the epoxide group." 3 Using the 
singular term "epoxide group" indicates that two or more epoxy groups are not required for 
an epoxy resin. Nothing in the definitions for "epoxide" or "epoxy resin" requires at least 
two epoxy groups. 

The Examiner attempted to use the Hawlev's definition to rebut Appellants' 
arguments. In particular, the Examiner stated that "[t]he term epoxy resin is defined in the 
submitted Hawley's Condensed Chemical Dictionary (page 468, second column) as having 
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'glycidyl ether structures' and the epoxide group structure 'in the terminal positions,' 
thereby confirming the presence of at least two epoxy groups per molecule." (Advisory 
Action, July 10, 2006, page 2.) The Examiner's argument, however, does not undermine 
Appellant's evidence. When the statements relied on by the Examiner are viewed in full 
context, they do not support the proposition that all epoxy resins require at least two epoxy 
groups. Specifically, Hawlev's states that: 

One type [of epoxy resin] is made from epichlorohydrin and bisphenol A. 
Aliphatic polyols such as glycerol may be used instead of the aromatic 
bisphenol A. Molecules of this type have glycidyl ether structures... in the 
terminal positions, have many hydroxyl groups, and cure readily with 
amines. 

(Emphasis added, structure omitted.) 

That is, the Hawlev's definition merely indicates that an example of an epoxy resin is one 
made from epichlorohydrin and bisphenol A (or aliphatic polyols), and that "molecules of 
this type," i.e., molecules of epichlorohydrin and bisphenol A (or aliphatic polyols), have 
terminal glycidyl ethers. This statement does not indicate that all epoxy resins must have 
at least two epoxy groups. 

Thus, the evidence does not demonstrate an art recognized definition for epoxy 
resin that requires two epoxy groups. As described above, the evidence actually 
demonstrates that an epoxy resin may include a single epoxy group. 

Further, the specification does not limit an epoxy resin to a compound containing 
two or more epoxy groups. The Examiner contends that the specification states that an 
epoxy resin is a compound containing more than one epoxy group capable of being 
converted to a useful thermoset or cured state by a curing agent. (See December 20, 
2006 Final Office Action, page 3 (citing page 5, line 29 to page 6, line 1).) This passage, 
however, does not limit an epoxy resin to a compound containing more than one epoxy 
group. When the specification is considered as a whole, the specification indicates that an 
epoxy resin may include structures or compounds with only one epoxy group. Specifically, 
the specification states that a wide variety of commercially available epoxy resins can be 
used in the invention and then includes octadecylene oxide, epichlorohydrin, styrene 
oxides, vinylcyclohexene oxides and glycidyl methacrylate in a list of suitable examples. 
(Specification, page 6, lines 29-30 through page 7, lines 1-25.) The Examiner can not 
ignore this teaching. (MPEP § 2164.08.) Therefore, when the specification is considered 
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as a whole and the claims given their broadest reasonable interpretation that is consistent 
with the specification, the specification sets out with reasonable clarity that an epoxy resin 
may include structures with one epoxy group. 

The Examiner has also failed to show that undue experimentation would be 
required to practice the invention. An enablement rejection should focus on why the 
specification fails to teach how to make and use the claimed invention without undue 
experimentation. (MPEP § 2164.04.) The Examiner argues that a monoepoxide could not 
form a network. But the Examiner fails to provide any support for this position. 

The specification teaches how to make and use the claimed invention and, 
therefore, fully enables the claimed invention. The specification describes how to make 
the curable composition. For example, the specification states that the components of the 
curable composition may be blended at ambient or slightly elevated temperatures. 
(Specification, page 17, lines 8-10.) Further, the specification teaches how to use the 
curable compositions, e.g., how to cure them. (See, e.g., specification, pages 15-17; page 
15, lines 1 1-20; page 17, lines 8-20.) Thus, the specification discloses at least one method 
of making and using the claimed invention. Further, the disclosed method(s) bears a 
reasonable correlation to the scope of the claims in that nothing limits the method(s) to 
using any particular epoxy resin. Consequently, the enablement requirement is satisfied. 
(See MPEP § 2164.01(b).) 

Moreover, the claims are directed to a curable composition. A person skilled in the 
art would recognize that curing includes changing the physical properties of a material by a 
chemical reaction and/or heat. A single epoxy group is capable of reacting with a curing 
agent, and therefore capable of being cured (or converted to a cured state). For example, 
a person skilled in the art would recognize that a compound having a single reactive group, 
such as a monoepoxide, can form lineal and cross-linked networks if reacted in the 
presence of another chemical that has two or more sites with moieties that can react with 
the reactive group. The specification states that the curable composition may be cured 
using any known curing agent and that curing agents known to those skilled in the art 
include amines, acids, alcohols, and the like. (Page 15, lines 11-13.) Appellants submit 
that a person skilled in the art would recognize that a network could be formed by reacting 
a mono-epoxy with a difunctional or multifunctional curing agent, such as, for example, a 
diamine or multifunctional amine. 
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Further, when the claim is viewed as a whole, the Examiner's arguments fail. The 
Examiner argues that "monoepoxides by themselves cannot form a cured product unless 
present in an admixture with an epoxy resin containing more than one epoxy group." 
(Final Office Action, December 20, 2006, page 3.) Claim 1 requires a component (c) that 
is the reaction product of an epoxy resin and a reactive liquid polymer where the epoxy 
resin of (c) comprises a diglycidyl ether or a bisphenol compound. A diglycidyl ether of a 
bisphenol includes at least two epoxy groups. Therefore, the curable composition includes 
an epoxy component with two or more epoxy groups. Thus, the specification teaches how 
to make and use the invention that bears a reasonable relationship to the scope of the 
invention. There is nothing to suggest that undue experimentation would be required to 
practice the claimed invention. 

Thus, the evidence, including the specification itself, demonstrates that an epoxy 
resin as used in the claims does not require more than one epoxy group. Moreover, there 
is nothing to suggest that undue experimentation would be required to practice the 
invention. Rather, in view of the specification, a person skilled in the art would have (i) 
known the scope of the claims, and been apprised that an epoxy resin can include readily 
available compounds including monoepoxides, and (ii) been able to make or use the full 
scope of the invention without undue experimentation. Thus, in view of the above 
discussion, Appellants respectfully request that the rejection of claims 1-3, 8-9, and 11 
under 35 U.S.C. §112, first paragraph, be reversed. 

The Rejection Under 35 U.S.C. § 103 Should Be Reversed 

The Examiner's Rejection : 
The Examiner rejected claims 1-3, 8, 9, and 11 under 35 U.S.C. § 103(a) as being 
unpatentable over Minamisawa et al. (U.S. Patent No. 4,500,660) and Japanese Patent 
No. 64- or 01-060679. The Examiner contends that it would have been obvious to 
formulate the compositions of Minamisawa and JP '679 "with the carboxy-terminated 
butadiene-acrylonitrile as a liquid at room temperature in order to facilitate blending of the 
components." (Office Action, September 1, 2006, page 4.) The Examiner also contends 
that Minamisawa discloses reacting a carboxy-terminated butadiene-acrylonitrile in liquid 
form with an epoxy resin to facilitate the reaction with the epoxy and provide a prepreg of 
good quality and that it would be obvious to provide the carboxy-terminated butadiene- 
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acrylonitrile of Minamisawa and the Japanese references in liquid form. (Advisory Action, 
March 1, 2007, page 2.) 

Appellants' Response : 

At the least, in order to establish a prima facie case of obviousness, the prior art 
references must teach or suggest all the claim limitations. (MPEP §§ 2143, 2143.03.) 
Further, the Examiner must make particular findings as to a person skilled in the art would 
modify the prior art in the manner claimed. (See, In re Kotzab, 217 F.3d 1365, 1371 (Fed. 
Cir. 2000) (cited in MPEP § 2143.01 (I)).) 

Minamisawa and JP '679 fail to teach all the claim limitations. Minamisawa is 
directed to a composition that includes epoxy resins (A-C), a reaction product of a carboxy- 
terminated butadiene-acrylonitrile copolymer (D), and a nitrile rubber (E). The Examiner 
has continuously equated the nitrile rubber component (E) of Minamisawa to component 
(b) of Appellants claim. (See, e.g., Office Action, April 21, 2006, page 3.) 

Neither Minamisawa nor JP '679 teach a curable composition employing at least 
one reactive liquid polymer comprising a carboxyl-terminated butadiene-acrylonitrile 
copolymer, which polymer is liquid at ambient temperature. The nitrile rubber component 
of Minamisawa and the Japanese references (Nipol in each case) are solids. 4 Further, 
Minamisawa only discloses that suitable nitrile rubbers have a Mooney viscosity between 
40 and 110 at 100°C. Thus, these references fail to teach or suggest using a reactive 
liquid polymer comprising a carboxyl-terminated butadiene-acrylonitrile copolymer that is 
liquid at ambient temperature, and, therefore, fail to render the claims obvious. 

The Examiner contends that Minamisawa and JP '679 do not confine their polymers 
to any phase. In particular, the Examiner contends that Minamisawa discloses that a nitrile 
rubber such as a carboxyl-modified copolymer of butadiene and acrylonitrile with a 
Mooney viscosity of 40 and 110 at 100°C is suitable but not exclusive and the JP '679 
report carboxy-terminated copolymers without any phase. 

Appellants respectfully submit that when the reference are considered as a whole, 
there is nothing in the references to suggest utilizing at least one reactive liquid polymer 
that is ambient at room temperature. First, the Mooney viscosities disclosed in 
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Minamisawa are measured at 100°C, which is well above ambient temperature. Second, 
as described above, the references only disclose Nipol polymers, which are solids. Thus, 
even if the references do not explicitly confine their copolymers to a particular phase, they 
do not teach or suggest that the polymer should be a liquid at ambient temperature. To 
the contrary, Minamisawa and JP '679 teach that their compositions would have to be 
formed by blending the solid components at an elevated temperature. The fact that a 
reference could be modified does not render a claim obvious unless. (MPEP § 
2143.01(111).) 

Further, while Minamisawa may disclose that the carboxy-germinated butadiene- 
acrylonitrile may be a liquid in forming the reaction product component (D), the references 
do not disclose a composition that includes a separate reactive liquid polymer component 
(distinct from a component that is the reaction product of an epoxy and a CTBN). Again, 
the Examiner contends that Minamisawa's component (E) equates to component (b) in 
Appellants claims. The references cited by the Examiner, however, only disclose a solid 
component (Nipol rubbers) as the (E) component for Minamisawa's composition. Given 
that Minamisawa discloses using a liquid CTBN to form the reaction product component 
(D) for its composition and only discloses using solid nitrile rubbers as its component (E), 
Appellants submit that Minamisawa actually teaches away from using a separate reactive 
liquid polymer component. Rather, it is only through prohibited hindsight that a person 
skilled in the art would modify Minamisawa to arrive at the present claims. 

Further, Minamisawa's disclosure of dissolving the composition in a solvent does 
not render the claims obvious. Minamisawa discloses that an already formed epoxy 
composition may be used as a prepreg, which is produced by dissolving the already 
formed composition in a solvent and impregnating reinforcing fibers with that solution. 
('660 patent, col. 6, lines 44-65.) The fact that the already formed resin may be dissolved 
does not teach or suggest that the resin composition comprises a reactive liquid polymer 
(comprising a carboxyl-terminated butadiene acrylonitrile copolymer) that is liquid at 
ambient temperature. Again, it is only through prohibited hindsight in view of Applicants' 
disclosure that a person skilled in the art would arrive at the present claims. 

Regarding claims 8 and 30, neither reference cited by the Examiner remotely 
teaches employing a reactive liquid polymer having a Brookfield viscosity of from about 
500 to about 2,500,000 cps at 25°C. The Examiner contends that it would have been 
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obvious to employ the polymers disclosed in liquid form with such viscosities to facilitate 
blending. Appellants disagree with this contention. First, the references completely fail to 
teach or suggest using a copolymer having a Brookfield viscosity with the recited range. 
Second, as described above, at the most, the references only teach using polymers that 
are solid or have a particular Mooney viscosity at 100°C. Thus, there is no teaching or 
suggestion to employ a liquid polymer having a Brookfield viscosity as recited in claims 8 
and 30. The fact that a person skilled in the art could modify a reference is not sufficient to 
establish a prima facie case of obviousness. (MPEP § 2143.01(111).) Therefore, claims 8 
and 30 are not obvious in view of either Minamisawa or JP '697. 

In view of the above discussion, Appellants submit that the combination of 
Minamisawa and JP '679 do not render the claims obvious. Appellants respectively 
request that the rejection under § 103(a) be reversed. 

VIII. CONCLUSION 

For the foregoing reasons, the honorable Board is requested to reverse the 
Examiner's rejection of all of the claims pending in the application and to allow these 
claims. 

In the event any fees are due in connection with the filing of this document, the 
Commissioner is authorized to charge those fees to our Deposit Account No. 18-0988 
under Attorney Docket No. BFGRP0313USB . In the event an extension of time is needed 
to make the filing of this paper timely and no separate petition is attached, please consider 
this a petition for the requisite extension and charge the fee to our Deposit Account No. 18- 
0988. 
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In the event there are issues the Examiner would like to discuss with the Applicants' 
attorney, he is invited to contact the undersigned by phone. 

Respectfully submitted, 




!KLAR, LLP 



Reg. No. 26,725 



1621 Euclid Avenue, 19 th Floor 
Cleveland, Ohio 44115-2191 
(216)621-1113 

Attachments: Exhibit A, Exhibit B, Exhibit C, and Exhibit D 
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APPENDIX 



CLAIMS SUBJECT TO APPEAL 

1 . A curable composition comprising a) at least one epoxy resin, b) at least one 
reactive liquid polymer comprising a carboxy I -terminated butadiene-acrylonitrile copolymer, 
which polymer is liquid at ambient temperature, and c) at least one reaction product of an 
epoxy resin and a reactive liquid polymer, wherein the epoxy resin of (c) comprises a 
diglycidyl ether of a bisphenol compound. 

2. The composition of claim 1 wherein a) is a diglycidyl ether of a bisphenol 
compound. 

3. The composition of claim 1 wherein a) is a diglycidyl ether of bisphenol F. 

8. The composition of claim 1 wherein b) has a Brookfield viscosities of from 
about 500 cps to about 2,500,000 cps at 25° C. 

9. The composition of claim 1 wherein c) is a reaction product of 1) a 
dicarboxyl-terminated polymer, a dihydroxy-terminated polymer, a diepoxy-terminated 
polymer, a reaction product statistical monofunctional carboxyl-terminated polymer, a 
reaction product statistical monofunctional hydroxy-terminated polymer, a reaction product 
statistical monofunctional epoxy-terminated polymer, a blended product statistical 
monofunctional carboxyl-terminated polymer, a blended product statistical monofunctional 
hydroxy-terminated polymer, a blended product statistical monofunctional epoxy- 
terminated polymer or mixtures of two or more thereof and 2) at least one epoxy resin 
comprising a diglycidyl ether of a bisphenol compound. 

1 1 . The composition of claim 1 wherein c) is a reaction product of 1 ) at least one 
epoxy resin comprising a diglycidyl ether of a bisphenol compound and 2) a dicarboxyl- 
terminated polymer, a reaction product statistical monofunctional carboxyl-terminated 
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polymer, a blended product statistical monofunctional carboxyl-terminated polymer, or 
mixtures of two or more thereof. 

30. A curable composition comprising a) at least one epoxy resin, b) at least one 
reactive liquid polymer comprising a carboxyl-terminated butadiene-acrylonitrile copolymer, 
and c) at least one reaction product of an epoxy resin and a reactive liquid polymer, 
wherein the reactive liquid polymer of (b) has a Brookfield viscosity of from about 500 cps 
to about 2,500,000 cps at 25°C and the epoxy resin of (c) comprises a diglycidyl ether of a 
bisphenol compound. 
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APPENDIX 
EVIDENCE 

Supporting Evidence is included in attached Exhibits A-D. 
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APPENDIX 

RELATED PROCEEDINGS 

None 
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€hapter JL 

AN INTRODUCTION TO EPOXY RESINS 



DEFINITION OF EPOXY RESIN . 



BASIC CHARACTERISTICS OF EPOXY RESINS 
APPLICATIONS FOR EPOXY RESINS . 

SUMMARY 

REFERENCES 



In a broad sense, the term e^gxj refers to a chemical group consisting of an 
oxygen atom ' .1 Jed vith vo < bon iton dr^ i h uni 1 in some other way. 
The simplest epoxy is a three-membered ring, to which the term a-epoxy or 1,2- 
epoxy is applied. Ethylene oxide (I) is an example of this type. The terms 1,3- 
and 1,4-epoxy are applied to trimethylene oxide (II) and tetrahydrofuran (III). 

CH 2 — CH 2 

I \ 

I / 
CH 2 — CH 2 

Telrahydrofuran 

In this book, we are concerned only with resins containing the three-membered 
rings (e.g., ethylene oxide derivatives). 

There is no universal agreement on the nomenclature of the three-membered 
epoxy ring. There is division even on the term epoxy itself — the Europeans 
generally preferring the term epoxide, which is doubtless more correct than the 
American epoxy. The epoxies ni , v be de ign tted oxides, as in the case of ethylene 
oxide (epoxyethane) or cyclohexent oxide 0 ,'2-epoxy-, oi 1,2-oxidocyclohexane) 
(IV). The term i Kiram a trivial name for ethylene oxide, is also used in referring to 
. ! i epox) group Several of the more common monoepoxies have trivial names, 



CH 2 — CH 2 — CH 2 
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1-2 An Introduction to Epoxy Resins 

such as epichlorohydrin (V), glycidic acid (VI), and glycidol (VII). Glycidyl (VIII) 



CH 2 — CHCH 2 C1 

Epichlorohydrin 



CHo— CHCOOH 



CH 2 — CHCH 2 OH CH 2 -Lt«,n 2 

Gi VH oi Giycidy'group ^ 

We prefer to follow the usage generally accepted in the ^ ited ^J^Z 
usage in the United States technology. 



( DEFINITION OF EPOXY RESIN . 



VStSS^SS^Sto ,her m op,« Sl ,c cured) and 

(cured) state. 

HISTORY 

of the materials first des.gnated as epoxy res.ns-th o ^ de ™^ P f Swit ^ rland 

in the manufacture of dentures and cast articles [13,14,16,1 / j. f 
were subsequently licensed to Ciba, Ltd workiriE for Devoe-Raynolds, 

should be made to earlier discoveries which set the stage ior me p y 
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isoproterenol (beta agonist selective) NE, E, DA, and dobrrtamine. E 
is also the. primary treatment for anaphylactic ahoci E is commonly 
included in local anesthetic notations to promote hemostasia, and by 



EPOXY RESINS 

Epoxy resins ore characterized by the presence of a 



vasoconstriction to reduce absorption resulting in proloagatiott of Con 

(eg, phenylephrine hydrochloride) are used for nasal congest 
cause of their relaxation of bronchial smooth muscle, E and selected 
beta-2 agonists are used to antagonize the broud 
asthma. NE is osed for treating hypotension, during anesthesia when 
tissue perfusion is good. 

Alpha-anrenargic blocking agents such as prazosin (alpha-1 selec- 
tive), which causes vasodilation in both arteries and •-'■ •* 
usually causing reflex tachycardia, are used to treat mild to moder- 
ate hypertension. Noneelective beta-adrenergic antagonists such as 
propranolol are naed in the treatment of nypsrtonsioo. (usually with 
a diuretic), as prophylaxis in angina pectoris, and for prophylaxis 
of supraventricular and ventricular arrhythmias and other selected 
disorders. Selective beta-1 adrenergic antagonists such as mctopro- 
lol are used mainly for the treatment of hypertension. In addition, 
clonidine (an alpha-2 agonist) and methyldopa (metabolite d to alpha- 
methylnorepinephrinB in brain) act cantrally on vasomotor centers of 
the brain to reduce sympathetic outflow to the peripheral vessels and 
thna are used, but to a lesser extent, in the treatment of hypertension. 

In Parkinson's disease, treatment with the amine precursor DQSA 
(with the decarboxylase inhibitor carbidopa). has been shown to ame- 
liorate the symptoms and signs of the condition and prolong life. 

There are several other disorder!) of the central nervous system 
in which catecholamines have been shown to be involved and drugs 




e cljaracteriatics nf the resina sis 



veyed by the Wsphenol A moiety (toughness, rigidity, and " 



(eg. haloperidol. and thinranthena derivatives (eg, chlorprothixene. 
are prescribed for the management of both acute and chronic psy- 
choses and in nnnpsychotic individuals who are delusional or excited 
(eg, mania). In the treatment of da- 
d by k 



and the hydroxy! and epoxy groups (adhesive properties and 

lation latitude, or reactivity with a wide variety of chemical ' 
agents) (see also Phbnoiio ksstns). p > ; 

The bisphanol A-derivod epoxy rosins are most frequently « 
with anhydrides, aliphatic amines, or polyanridet. 

Diluents are oommonly used to reduce the viscosity of ej 
systems ta aid handling, improve aaaa of application, and to 
higher filler loading to reduce formulation cost. This, 




properties, careful selection of diluent is needed. 

Specialty Epory Resin*. In addition to bisphendi. 'otter „ . 
such as aliphatic glycols and novolaks are used to produce i. " 
resins. Epoxy resins may also include compounds based on si 
cycloaliphatic, aromatic and heterocyclic backbones. Gtr*\ . 
■ ■ with epichlorohydrm 



Toxicity 

Untoward effects of both E and NE (usually to a lesser degree) are 
anxiety, headache, cerebral hemorrhage (from vasopressor effects), 
cardiac arrhythmias, especially in presence of digitalis and certain 
anesthetic agents, and pulmonary edema as a result of pulmonary 
hypertension. The minimum subcutaneous lethal dose of E is about 
4 mg, but recoveries have occurred after accidental overdosage with 16 
mg subcutaneously and 30 mg intravenously, followed by immediate 



THOMAS A. PUGSLBT 



epoxidatjon of olefins with per noetic acid remain tl 
msreial procedures lor introducing t' 
precursors of epoxy reains. 

tpoxy Crtsol-Novolak Resins (tCN). The cresol-novol!* 
' is C2) are multifunctional, solid .polymers characterised of- 
i and hydrolyzablc chlorine ImpurStlas, high chemical rea- 
good tharmal pBrfbrmanoe. ECN rosins are widely used m 
components in high performance electronic and structural 
compounds, high temperature adheaives, eastings — J 
systems, tooling applications, and powder coatings. 



powj eresol-novololt resins (2) ere prepared by^ 
1-Iormaldehyde coudenaatee in the same i 



U. B.T 



iriattB 



iL 33, Springsi.^rlBg, Berlin, 



huth dtr Ktptrimmullen Vhormakcloutz, 
1973, p. 186. 

jr. R. Cooper. P. E. Bloom, and K. II. Bote, the Biodumltal Basil ofNtmvphar. 

nHKobsy, Oxftofl University Press. New Vbrk, 1991, p. 224. 
H Winkler in U. Trtnddinberg and N. Weinor, eds., Handbook of Experimental 
~ - TO/I, Eprmeer-Verlac. Berlin, 1988, p. 43. 
as. Phammleiflnl Rw. 4a, 121 (1334). 



Sisphtnol F Ream. Biepbeaol F epoxy resin is off the sajn. 
structure as the epoxy phenol novolaka. Bisphenol F is V* -r 
hlsphenol. 

Owing to relatively low viscosity, these rosins offer ao 
100* solids (solvent-free) systems. Higher filler levels a 
because of the low viscosity. Faster bubble release 
Higher epoxy content and functionality of bisph 
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EPOXY RESINS 



'~2 U 3 1 *s tank and pipe linings, industrial floors, road and bridge 
apings, structural edhesives. grouts. coatineB, and electrical 
1 — F epoxy resins are Tnimnfnntnred in Europe and 



electrical, and mechanical properties and 
:es, insulating varnishes, coatings, and ad- 
curing agent for special polyester-based 
oatanga, it us also used in electronic applicationa 
of optical transparency after aging at tempera- 




tfquidafn-- to a solid ofn value greater than 3. 



may he eynthesiaed by a two-step reaction of an excess of 
epiehlarohydrin to biephancl A in the presence of an alkaline catalyst. 
The reaction consists initially in the formation of the dkhlarohydrin 
of bisphcnol A and further reaction by dehydrohaloganation of the in- 
termediate product with a stoichiometric quantity of aDcaU. 

In recent yean, production of liquid resins of higher purity, 



I. This is iz 



!t quality 



The thermal stability of epoxy phenol— nnvolek reeins is useful 
is tdhestrea, structural end electrical laminates, coatings, castings, 
and encapsulation" for elevated temperature service. Filament-wound 
pipe and storage tanks, liners for pumps and other c h emical i 



properties for epoxy novnlalcs sob those with good high te 



e anhydrides. 

PolynudearPhmol-Glycidyl tther-Dvired tab*. This is one of the 
first commercuJly available polyfunctional products. Its polvfunction- 
«lity permitB upgrading of thermal stability, chemical resistance, and 
electrical and mechanical properties of biopbenol A-epoxy systems. It 
u used in melding compouudg and adhesives. 

Crdoaljphatfc [poxy Resim. This family of aliphatic, tow viscosity 
spiny resins consists of two principal varieties, cyctoolefina epnddized 
with peraceHc acid and diglyridyl eaters of cyclic dfcarboaylic acids. 

The mmaromatie nature of these materials provides for improved 



Aliphatic Ctyddyi [then. Aliphatic epoxy resins have been syn- 
thesized by glycidyiatian of difimctional or polyfunctional polynia 
such as a 1,4-butanedinl, 2,2-dimothyl-l ,3-nropaiiediol (neopentyl 
glycol), polypropylene glycols, glycerol, trlmethylolpropane, and 
peutaerythrttol. 

The epuxidatian is generally conducted in two steps: CD the polyol 
is added to epichlorohydrin in the presence of a Lewis acid catalyst 
(stannic chloride, baron txifhwride) to produce the chlorohydrin inter- 
mediate, and (3) tin intermediate is dehydrohalogenated with sodium 
hydroxide to yield the aliphatic glycidyl ether. Solid epoxy resins are 



weight of the product is governed by the ratio of epkblonmydrin- 
bisnbenol A In practice, the taffy process is generally employed for 
only medium molecular-weight reeins (n = 1-4). 

Athancamtnt Access. In the advancement process, sometimee in- 
ferred to as the fusion method, liquid epoxy resin (crude dtglycidyl 
ether of hisphenol A) is ehain-ezleiided with biaphenol A in the pres- 
ence of a catalyst to yield higher polymerized products, lie advax 
merit process is more widely used in. armmoreia" 
proprietary catalysts for at 




■ Jj^tty/ p-Aminophenol-Oerived Resins. Beams derived from 
?WJ>eiayl p-aminophenol, originally dsvaloped by Union Carbide 

** currently marketed by CIBA-GEIGY. Synthesis is eoa- 
ane *ed byteactlon of epiehlarohydrin with the phenolic and amino 

Allowed by delrydrohalogenation. The product is a viscous 
°Wd as-BPa., (15-50 P) at 25'C) which ia < " 



A variety of reagents has boon described for converting the liquid oi 
solid epaxy reeine be the cured state, which * 
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was soon f Allowed by a petroleum-derived prod- 
uct called coumarone-indefie, which did indeed 
have the properties of a resin. The first synthetic 



nated I. „ 

Since then many new types of synthetic poly- 
mers have been synthesized, perhaps the most 
sophisticated of which are nylon and its conge' 
ners (polyamides, by Carothers) and the inor- 
ganic silicone group (Kipping). Other important 
types are alky da, acrylics, amlnop lasts, polyvi- 
nyl halldes. polyester, epoxles, and polyolefins. 

In addition to their many applications In plas- 
tics, textiles and paints, special types of synthetic 
resins are useful as ion-exchange media. 
See "Cumar." See also plastic, paint, fiber, film. 



gano-solublc. hydrocarbon-based products de- 
rived from trees and shrubs. But "m view of the 
tendency of inappropriate terminology to "gel" 
irreversibly, it is a losing battle to attempt to re- 
place "synthetic resin" with the more precise 
"synthetic polymer." 
See also note under gum, natural. 

resist. A material that wiu prevent the fixation of 
dye on a fiber, thus making color designs and 
pattern prints possible. The resist may act me- 
chanically, as a wax, resin, or gel which prevents 
absorption of the dye. or its accompanying mor- 
dant. Citric acid, oxalic acid, and various alka- 
lies are among the more common resists of the 



raslu. See C-stage resin. 

resitol. See B-stage resin. 

"ResmclaT [Borden]. TM for a resin-metal 
composition that when catalyzed converts to 
metal-like solid. Recommended for mold mak- 
ing, patching, forming, and general repair of 
metal surfaces and objects. 

resoL See A-stage resin. 

resotaflon. See resolving power. 



resolving power. The extent to which a lens can 
distinguish small particles and minute distances, 
i.e., fine structure. The human eye can resolve 
objects or l/250th inch (100 microns) in any di- 
mension. The compound microscope has a re- 
solving power of 0.5 micron; an electron micro- 
scope can resolve fine structure as small as 5A 
units, i.e., in the molecular range. Two factors 
determine resolving power; the wavelength Of 
the radiation utilized and the focal depth of the 
lens. The resolving power: of a microscope is 
much more important than its ability to mag- 
nify, for do magnification, however large, can 
add detail to an image that was not first dis- 
cerned by the lens system. 
See also optical microscope; electron microscope. 

» (« me- 



conducting metal powder compo un d ed with 
glass binders and temporary Organic carriers. 
Can be applied to glass or ceramic surfaces by 



good reproducibility, k 
age coefficients, and st 



grades of various partidi 
Use: - ■ ■ ' 



The resonance concept indicates that the actual 
molecular strucnire lies somewhere between 
these various approximations, but is not capable 
of obiective representation. This idea can be ap* 
ir inorganic, in 
m electron pair bond Is present. The term 
. race hybrid" denotes a molecule that has 
the property. Such molecules do not vibrate 
back and forth between two ox more structures, 
nor are they isotopes or mixtures; the re ~ " 
phenomenon is rather an idea' ' 



tured by any graphic device. 

(2) In the terminology of sr. 

nance is the condition in which the energy sbuc 
of the incident radiation is identical with that of 
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pitation. The 
lium are sent 
•_ The fission 
stored. An- 
ws, has been 
jura; here the 
urn isotopes, 
cause its plu- 

d not be used 



ed. There are 
S Operational 
ll in Europe. 



Hazard: Carcinogen in animals, potential c* 
risk iq humans. 

Use: Antihypertensive agent, tr 



rsgidnloil. A liquid or semiliquid product re- 
sulting from the distillation Of petroleum and 
containing largely aspharric hydrocarbons. Also 
known as asphaltnm oil, liquid asphalt, black 
oil, petroleum tailings, and residuum. Combus- 
tible. 

Use: Roofing compounds, hot-melt adhesive*, 
" ' i tape, sealants, heating oil for large 




RESIN, SYNTHETIC 



resin, ion-exchange. See ion-exchange resin. 

n organic polymeric liquid that, 
when "converted to its final State Tor use, be- 
comes solid (ASTM), e.g.. Unseed oil. raw or 
heat-bodied (partially polymerized). 
See also drying oil; resinoid. 

resin, oalara]. (1) Vegetable-derived, amorphous 
mixture of carboxylic aridi, essential oils, and 
terpenes occurring as exudations on the bark of 
many varieties or trees and shrubs. They arc 
combustible, electrically nonconductive. hard 
and glassy with conchoidal fracture when cold, 
and soft and sticky below the glass transition 
point. Most arc soluble in alcohols, ethers and 
carbon disulfide, and insoluble in water. The 
best known of these are rosin and balsam, ob- 
tained from coniferous trees; these have a high 
Of more remote origin are such 

ri, congo, dammar, mastic, san- 

drac, and copal. Their use in varnishes, adhe- 
sives and printing inks is still considerable, 
though diminishing in favor or synthetic prod- 
ucts. (2) Miscellaneous types. Shellac, obtained 
from the secretion or an Indian insect, is still in 
genera] use as a transparent coating. Amber is a 
hard, polymerized resin thai occurs as a fossil. 
Ester gum is a modified rosin. Amorphous sul- 
fur is considered an inorganic natural resin. Liq- 
uid resins, sometimes called retinoids, are repre- 
sented by linseed and similar drying oils. 
See also gum, natural (note); resin, synthetic 
(note). 



mix of organic compounds. 
Properties: It has no definite melting point and 

no tendency to crystallize. 
Derivation: Resins can be of animal, vegetable, 



final infusible state (ASTM). Heat-bodied lin- 
seed oil. partially condensed phenol-formalde- 
hyde and the like, are also considered resinoids. 



tain species o 

Properties: White or pale buff*. . 
odorless, crystalline powder; darkens slowly on 



5CH3 
OCH3 

ightty yellow- 
wry on expo- 
pidry in solu- 



tion; partially soluble in organic solvents; insol- 
uble In water; op 238C (in vacuo). 
Use: Medicine (antihypertensive). 

resiute. A salt of the resin acids found in rOsiu. 
They are mixtures rather than pure compounds 1 
Use- See soap (Z). 

"tUstaC" lAMed-StgnaI\. TM for a neutral 
synthetic coal-car resin of high stymie content. 

Properties: Light color, mp 11S-123C, d 1.03. 
mineral oUctoud point 130-130C. 

Use: To i 




j from a d 

(or more) substances, usually with heat or a cat- 
alyst. This definition Includes synthetic rubbers 
and silicones (elastomers), but excludes modi- 
fied, water-soluble polymers (often called res- 
ins). A distinction should be made between a 
synthetic resin and a photic, the former is the 
polymer itself, whereas the latter is the polymer 
plus such additives as filters, colorant, plasticiz- 
erj, etc 

in 191*1 (phenol-for 
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e by the reac- 
novolak resin 
/olak). These 
* which offers 
itures than the 



de as well as in 
ired with anhy- 
iratures. Many 

can be used to 

iht cross-linked 
taractcrized by 
rowve-chemicaJ 
■operties. 
pan type which 
mponem liquid 
i peUetized type 
labia under the 



ances and gas storage vessels; adhesive for com- 
posites and for metals, glass, and ceramics; cast- 
ing metal-fonntag tools and dies; encapsulation 
of electrical parts: filament-wound pipe and 
pressure vossels; floor surfacing and waD panels; 
neutron-Shielding materials; cements and mor- 
tars; non-skid road surfacing: rigid foams; oil 
wells (to solidify sandy formations); matrix for 
stained-glass windows; low-temperature mor- 

EMf. Abbreviation for ethylene propylene rub- 
ber, also for electron paramagnetic resonance. 



Derivation: Naphthalene-l.S- and 1,6-sulfonic 
adds are nitrated and reduced, giving |-naph< 
thytamine-3,g- and 4,8-disulfonic acids. Separa- 
tion is effected by crystallizing cat (be acid so- 
dium Salts of ]-nsphthyutmine.3,8-ditulfonlc 
add. 

Use: Azo-dye intermediate. 
Epsom salts. See magnesium sulfate. 



"5£"No.i» B>uA»iKl. TM for zinc dimethyi- 
ditmocarhimate, an ultra-accelerator for mb- 



"Eptam" IStnuf/er). TM for a selective herbi- 
cide containing ethyl-N.N-di-n-prapylthiolcai- 



»._.._ v.. , ^ UquM ^ gj^jj^ formulBi 



Use: A pre-emergencc herbicide. 

eq. Abbreviation for gram equivalent weight, 
U„ the eqnryaknt weight in grams. Recom- 



EQUtV ALENT ELECTRON S 

a constant concentration Of reactants; for exam- 
ple, ammonia synthesis is at equilibrium when 
ammonia molecules form and decomposes at 
equal vdocrdes(Nj + 3Hr ~ 2NH 3 ). 

(2) Physical equilibrium is exhibited when two 
or more phases of a system arc changing at the 
same rate so that the net change in the system is 
zero. An example is the Kquid-to-vapor-vapoT- 
to-liquid interchange in an enclosed system, 
which reaches equilibrium when the number of 
molecules leaving the liquid is equal to the num- 



A number that relates the 

concentrations of starring , materials and prod- 
ucts of a reversible chemical reaction to one an- 
other. For example, for a chemical reaction rep- 
resented by the equation aAB + bCD « cAD + 
tmC the equilibrium constant would be K = 
[(AD* (BQd )/((AB)a (CD)i> ] Where a, b, e. 
and dare the numbers of molecules of AB, CD, 
AD, and BC that occur in the balanced equation 
and (AD), (BC), (AB), and (CD) are the molecu- 
lar concentrations of AD. BC, AB, and CD in 
any mixture that is at equilibrium. At any one 
temperature,.*' is usually at least approximately 
constant, regardless of the relative quantities of 
the several substances, so that when" K fcs known 
■t is often possible to predict the concentrations 
of the products when those of the starting mate- 
rials are known. The constant changes markedly 
with temperature. The constant can often be cal- 
culated from the relations or thermodynamics if 
the free energy for the chemical reaction is 
known, or by measuring all concentrations in 
one or more carefully conducted experiments. 



i liquid mixture tl T „, .. . 

vapor in equffibrium whh the liquid. (2) A chart 
showing the relation between a solution and the 
soKds that may be crystallized from it, (3) A dia- 
gram showing the limits of composition and 
ions phases or oorX- 



bnvof. Every particle, heavy or 
— — liquid, and independent of its 
or form, always possesses the 
energy of translation at a given tern- 
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1 ,2-epaxybalane. Set 1 ,2-butyleM oxide. 



3,4-ep»xjcydcikejt«dti 

0<CtH,)CN. 



second crystal. This behavior is characteristic of 
some types Of high polymers. 

EPN. (o-ethyl-o,p-nitrophenyl phenylphosphor- 
othioate). CAS: 2104-64-5. 

Properties: Light yellow crystal!, mp 36C, d 
1 .5978 (30C), bisoluble in water, soluble in most 
organic solvent], decomposes in alkaline join- 

Grade: Wettabk powders and dusts. 
Hazard: A cholinesterase inhibitor, absorbed by 

Skin, US* may be restricted. TLV: u.S mg/m 1 of 2^-epcoy-^«tbylfaexam>l. 



Properties: Liquid, d 1.0929 (20/20Q. bp 
244.5C, fp -33C, soluble in water. 
Hazard: Toxic by skin absorption, ingestion, and 



Use: Cotton insect pest control, ac 



high-raolecular- 
lisphenol A and 



weight linear copolymers of bisphenol 
eplchlorohydrin; produce outstanding surracc 
coatings by solvent evaporation alone. 

"Boon" Resins IStffl]. TM for a scries of con- 
densation products of epichlniuhydrin and 



ings. adheslves, and structural plastics. 

"Epotuf" [ReicMoW- TM Tor epoxy resi 
' ersusedascc 



Cj^CHOCICjH^CHiOH. 

Properties: Liquid, d 0.9S17 (20/20C), bp (de- 
composes), fp -65C, sligUtiy soluble in water. 
Combustible. 

Hazard: Skin irritant. 

Use: Stabilizer, intermediate. 

epoiy novolak. Epoxy resin made by the reac- 
tion or epichlorohydrin with a novolak resin 
Cpbenol-fonnaklehyde; see novolak). These 
have a repeating epoxide structure which offers 
better resistance to high temperatures than the 
epichtorohydrin-bisphertol A type, and are espe- 
orally useful as adhesives. 

2,3-epoxy.l-propanoL Seeglycidol. 

epoxy resin. A thermosetting resin based on the 
reactivity of the epoxide group. One type is 
made from epichlorohydrin and bisphenol A. 
Aliphatic polyols such as glycerol may be used 
instead of the aromatic bisphenol A. Molecules 
of this type have gryddyl ether structures. 



active group rendtid. 
gen atom with two other atoms (usually carbon) 
that are joined in some other way as indicated: 

-<£>. 

This group, commonly called "epoxy." charac- 
terizes the epoxy resins. EpkHorohydrifl and 
ethylene oxide arc well-known epoxides. The 
compounds are also being used in certain types 
of cellulose derivatives and fluorocarbons. 

epoxidizcdGuseedoQ. See "Drapex" [mico]. 



Another type is made from polyolefins on. 
d'tzed with persceUe add. These have more ep- 
oxide groups, within the molecule as well us m 
terminal positions, and can be cured with anhy- 
drides, but require nigh temperatures. Many 
modifications of both types are made commer- 
cially. Halogenated bisphenols can be used to 
add fuuoe-f etardant properties. 



The reactive epozies form a tight cross-linked 
polymer network and are characterized by 
toughness, good adhesion, coirosive-chetnical 
resistance, and good dielectric properties- 

Most epoxy resins are the two-part type which 
harden when blended. A one-component Iknrid 
type for filament winding and a peUetiwd type 
for injection molding are available under the 

tin cured state, 
household apph- 



TM "Amox. 1 
Hazard: Strong skin irritant in un cured state. 
Use: Surface coalings, as ~ L 
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Safety Data Sheet 91/1 SS/EEC (gb) 






NBR-Nipol-Standard-Standard 






Zeon Chemicals Europe Ltd. GB- Sully, CF64 5YU 






Revised: 12.09.2002 




Nlpol 10O0X 88 


Nipol 1032 


Nipol 1052-30 


Nipol 35-5 SR 


Nipol 1D00X 132 


Nipol 1032-45 


Nlpol 1053 


Nipol 35-8 


Nlpol 1001CG 


Nipol 1034-60 


Nipol 1092-80 


Nipol 40-5 


Nipol 1001LG 


Nipol 1041 


Nipol 1094-80 


Nipol HR 652 


Nipol 1002 


Nlpol 1042 


Nipol 30-5 


Nlpol HR 765 


Nipol 1014 


Nlpol 1042X 82 


Nipol 33-3 




Nipol 1022 


Nipol 1043 


Nlpol 33-5 HM 




Nipol 1022X 59 


Nlpol 1051 


Nipol 33-8 HM 




Nipol 1031 


Nipol 1052 


Nipol 35-5 





Phone: +44-1448-725 4Q0 



CFS4 SYU Fix: +44-1446-747 DBS 

Emergency phone: ♦44-1446-725 400 



Acrykritrila-Butadlenft Polymer 

No particular I 



9003-18-3 -100 
Method* for cleaning uprtaking up 




Water spray jet Dry powder. Foam. 



Additional advice on system design 
Ingredients with <x 




FS^^M^^^^^^^^^^M W4sn r^ds heft* a*** ana wo* us. carri* &n 
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RENNER OTTO 



•♦ USPTO GENERAL ©Oil 



Safety Data Sheet 91/155/EEC (gb) 

NBR-Nipo!-Standard-Standard 

Zeon Chemicals Europe Ltd. GB- Sully. CF64 SYU 

Revised: 12.09.2002 ~ 
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